A-kinase anchoring proteins (AKAPs) are a heterogeneous family of scaffolding proteins that regulate the compartmentalization of signaling components, in particular that of the broad speci®city kinase PKA. Here we describe the identi®cation of a new member of this gene family, termed Xenopus gravin-like (Xgl), which encodes a highly acidic protein of 268 kDa that shares extensive homology with human Gravin and murine SSeCKS. Xgl is zygotically expressed in a highly dynamic fashion. During gastrulation Xgl is expressed in posterior mesoderm of the dorsal blastopore lip. During neurulation expression is transiently detected in the forebrain, two bilateral neuroectodermal stripes and the notochord. At tailbud stages expression commences in the mandibular neural crest and the roof of the spinal cord from where neural crest cells migrate into the intersomitic region. In addition expression is detected in the heart and the anterior aspect of the chordoneural hinge. q
Results
A-kinase anchoring proteins (AKAPs) comprise a family of functionally related, yet structurally distinct scaffolding proteins that localize the broad speci®city kinase, protein kinase A (PKA) to particular subcellular sites (reviewed in Colledge and Scott, 1999) . Gravin/SSeCKS form a subclass that act as multivalent scaffolding proteins binding PKA and protein kinase C (PKC) (Nauert et al., 1996) .
Here we describe the cloning and the spatio-temporal expression characteristics of Xenopus gravin-like (Xgl). A Xgl contig was assembled from different overlapping 5 H -RACE fragments to generate a full-length cDNA comprising of 8439 bp. Xgl encodes an extremely large protein encompassing 2471 amino acid residues with a predicted molecular weight of 268 kDa. Xgl shares 39% identity with human Gravin (Gordon et al., 1992; Nauert et al., 1996) and rat and mouse SSeCKS (Lin et al., 1995; Chapline et al., 1996) in a contiguous domain in the amino-terminus upstream of the designated PKA binding site ( Fig. 1 ; Colledge and Scott, 1999) . Blast searches against the ®nished human genome database indicated that Gravin is most likely the ortholog, despite the low overall similarity. Xgl is identical to ESTs dc60c08.y1 and x1 and to EST 17C3, which was identi®ed, in a random large-scale gene expression screening, and initially classi®ed as a nonclassical MHC class 1b gene with a low probability score of 2.4e-10 (Gawantka et al., 1998) . SMART searches revealed the presence of a single coiled coil region (amino acids 761± 788) and multiple segments (n 21) of low compositional complexity scattered throughout the protein (Schultz et al., 2000) . The overall composition of Xgl is highly acidic (23% glu and asp residues) and serine/threonine rich (20%), which is also a prominent feature of Gravin/SSeCKS.
Northern blot analysis revealed the presence of a single transcript of 8.5 kb congruent with the size of the assembled contig (data not shown). RT-PCR analysis showed that Xgl is predominantly zygotically expressed, starting at the onset of gastrulation (stage 10) ( Fig. 2A) . The spatial pattern of Xgl expression was determined by whole-mount in situ hybridization. At the onset of gastrulation (stage 10.5) Xgl is expressed on the dorsal side in the Spemann organizer, hence the original isolation (Fig. 2B) . As gastrulation proceeds expression extends around the blastoporal circumference (Fig. 2C) . Transverse sections showed that expression at this stage is predominantly in the posterior mesodermal layer of the dorsal blastopore and only weakly around the ventral blastopore ( Fig. 2D ; red arrow). At neurula stages Xgl transcripts are transiently detected in: the forebrain ( Fig. 2E ; red arrow), two bilateral neuroectodermal stripes which presumably correspond to the mid/hindbrain boundary and/or future rhombomere(s) ( Fig. 2E±G ; red asterisk) and caudally around the blastopore. Prolonged expression is observed in the notochord (Fig. 2E±H) 
Experimental procedures

Isolation of Xenopus gravin-like (Xgl)
A partial Xgl cDNA (~0.6 kb) was identi®ed in a subtractive differential screening aimed at cloning novel genes expressed in the Spemann organizer (unpublished). A fulllength Xgl contig was assembled from multiple consecutive 5 H -RACE extension fragments (SMART kit, Clontech), using stage 10.5±11.5 poly(A) 1 mRNA as template. Multiple independent RACE fragments were sequenced to exclude artifactual assembly. Comparisons were performed with the alignment programs from the DNAMan and DNAStar software packages.
Embryo manipulations and in situ hybridizations
RT-PCR analysis, whole-mount in situ hybridization and Fig. 1 . Amino acid sequence alignment between the amino-termini of Xgl (aa 1±937), human Gravin (aa 1±1034), and mouse and rat SSeCKS (aa 1±1014 both). Identical residues with Xgl are shaded in black. Underlined in red are the two polybasic regions that interact with PKC. The Genebank accession number of Xgl is AF308810. histology were done as described (Bouwmeester et al., 1996) . Xgl was ampli®ed by the following primer pair; (F) 5 H -TTCAGATGTGGAGCAAAGAGTGG; (R) 5 H -CTCTT-CCATCAACCATTTCTTC, yielding a 241 bp fragment; 28 cycles. Digoxygenin labeled antisense RNA was synthesized from pCRII-Xgl-5 H , a 3.8 kb partial clone, linearized with XhoI and transcribed with Sp6. , heart region (C) and trunk spinal cord region (D) and a section through the tailbud (E). Abbreviations: cnh, chordoneural hinge; e, eye; h, heart; mnc, mandibular neural crest; nc, neural crest; no, notochord; nt, neural tube.
